To evaluate visual outcomes and complications of bimanual microincision cataract surgery performed by surgeons in training.
1
Two MICS techniques are available; that is, coaxial and bimanual (or biaxial).
In bimanual MICS, 2 the aspiration probe and the infusion probe are separated. This enables surgery to be performed through incisions that are 1.5 mm or smaller. In coaxial MICS, 3 in which infusion and aspiration are in the same probe, incisions range from 1.8 to 2.2 mm. The bimanual MICS technique is less invasive than traditional coaxial phacoemulsification, and it uses the smallest incisions of any cataract surgery technique. This is important because clinical studies have shown that the size of the incision is directly proportional to the amount of surgically induced astigmatism (SIA) and inversely proportional to the stability of astigmatism over time. 4 The main advantages of this technique are increased stability of the anterior chamber, the ability to direct instruments in different directions as required by the surgeon (eg, to keep the posterior capsule far from the phaco tip), the ability to use the right hand or left hand, and greater visibility of the surgical field because of the small instruments. These features are especially helpful to less experienced surgeons, such as those in training or using the bimanual technique for the first time.
To our knowledge, there are no studies of the incidence of complications during the training stage of bimanual MICS. The goal of our study was to evaluate the first cases of bimanual MICS of surgeons in training. The main intraoperative and postoperative complications during the learning curve were evaluated. Other postoperative outcome measures were visual acuity, astigmatism, corneal thickness, and the endothelial cell count (ECC).
PATIENTS AND METHODS
This prospective study evaluated the outcomes of bimanual MICS performed by surgeons in training at the Institute of Ophthalmology, University of Modena and Reggio Emilia, Modena, Italy. All patients provided informed consent before surgery.
All surgeries recorded were the first bimanual MICS performed by each surgeon as well as all subsequent surgeries performed using the technique over 6 months. The surgeons were under the direct supervision of experienced surgeons, who offered guidance or intervened when necessary. All surgeons in training had little experience in the coaxial technique.
The inclusion criteria was cataract from grade 2 to 3 on the Lens Opacities Classification System III. 5 Exclusion criteria were previous surgery, complicated cataract (eg, total cataract, traumatic cataract), concomitant pathology (uveitis, glaucoma, corneal opacities), insufficient mydriasis (!4.0 mm), and a low ECC (!1500 cells/mm 2 ). Patients with 1 eye only were also excluded.
Preoperative Assessment
Before surgery, the patient's medical history was recorded. Examinations included corrected distance visual acuity (CDVA), anterior segment biomicroscopy, fundus evaluation, biometry (IOLMaster, Carl Zeiss Meditec AG, and US500 Echoscan, Nidek Technologies Srl), corneal microscopy (Noncon Robo, Konan Medical), corneal pachymetry (IOPac, Heidelberg Engineering GmbH), and corneal topography (CT1000, Shin-Nippon).
Prophylaxis
Prophylactic strategies to prevent infections included application of topical antibiotic eyedrops before surgery, application of povidone-iodine 5.0% to the conjunctival cul-de-sac, preparation of the periocular skin with povidone-iodine 10.0%, careful sterile draping of the eyelid margins and eyelashes, addition of antibiotics to the irrigating solution, instillation of intracameral antibiotics at the end of surgery, and application of topical antibiotic eyedrops after surgery.
Surgical Technique
Each surgeon in training performed 50 operations using the same phaco machine (Stellaris, Bausch & Lomb). Table 1 shows the phaco machine settings used.
Mydriasis was obtained by instilling atropine 1.0%, phenylephrine 10.0%, and cyclopentolate 1.0%. Regional anesthesia was achieved using a retrobulbar block (2.5 mL lidocaine 2.0% and 2.5 mL bupivacaine 0.5%). In all cases, a balanced salt solution for irrigation and sodium hyaluronate 1.2% (Amvisc) were used. Two 1.4 mm trapezoidal incisions were created in clear cornea at 10 o'clock and 2 o'clock with a precalibrated diamond knife (ME 772 DA, E. Janach S.r.l.). After a continuous curvilinear capsulorhexis (CCC) was made with a cystotome and microforceps (E. Janach S.r.l.), hydrodissection was performed with a 26-gauge cannula. Then, phacoemulsification was performed with a 20-gauge, 30-degree angled sleeveless probe and an irrigating chopper (Bragamele 19-gauge). Phacofracture was obtained with the stop-and-chop technique. Irrigation/aspiration (I/A) was performed with a 21-gauge probe with an oval-shaped section (21-gauge irrigation handpiece smooth, Stellaris; 21-gauge aspiration handpiece rough, Bausch & Lomb). All surgeons used continued infusion during phacoemulsification and I/A. In the final stages of surgery, the 10 o'clock incision was enlarged to 1.8 mm with a precalibrated knife (Alio MICS multi-incision knife, Katena Inc.) and the intraocular lens (IOL) was implanted. The incisions were closed using hydration or sutured with 10-0 nylon. Figure 1 shows the main steps of the technique.
Postoperative therapy consisted of tobramycin and dexamethasone eyedrops 4 times a day for 15 days followed by flurbiprofen eyedrops 3 times a day for a further 15 days.
Intraoperative Assessment
The following intraoperative parameters were recorded: total surgery time (from first corneal incision to incision hydration or suture), mean phacoemulsification time, effective phacoemulsification time (EPT), final incision size (measured with a surgical caliper), and balanced salt solution use (calculated by subtracting residual volume at end of surgery from initial volume in infusion bottle). Intraoperative complications were registered at the end of every surgery. 
Postoperative Assessment
Postoperative examinations were performed at 7 days and 30 days by the same experienced physician. Examinations included CDVA, corneal pachymetry, corneal astigmatism, and endothelial microscopy.
Statistical Analysis
All data were recorded in a database (Excel 2010, Microsoft Corp.) and analyzed for statistical review using the Student t test. A P value less than 0.05 was considered statistically significant. 
Intraoperative Parameters
The mean total surgical time was 27.80 G 8.84 minutes; the mean phacoemulsification time, 1.15 G 0.41 minutes; and the mean EPT, 3.64 G 1.07 seconds. The mean final size of the enlarged incision was 1.88 G 0.24 mm. The mean volume of balanced salt solution used was 251 G 69 mL. Table 2 shows the intraoperative complications, which occurred in 18 cases (12.0%). Figures 2 to 4 show cases of iris prolapse. Of the cases of capsule rupture without vitreous loss, 2 were of the anterior capsule and were caused by capsulorhexis failure and 2 were of the posterior capsule. Of the cases of posterior capsule rupture with vitreous loss (Figure 5 ), 1 was caused by capsulorhexis failure and 1 was a result of IOL implantation in the sulcus because of marked zonular laxity. In the 8 cases with major complications (capsule rupture with or without vitreous loss and zonular laxity), the supervising surgeon took over and completed the surgery, implanting the IOL in the sulcus; before IOL implantation, anterior vitrectomy was performed in cases with vitreous loss. In 1 case of iris prolapse, the experienced surgeon performed a dry 25-gauge pars plana vitrectomy to decrease posterior positive pressure from the vitreous chamber.
Intraoperative Complications
In 10 cases (6.7%), the IOL was not implanted through the microincision on the trainee surgeon's first attempt. Proper IOL implantation was achieved during a second attempt ( Figure 6 ). Table 2 shows the postoperative complications, which occurred in 5 cases (3.3%). The case of loop displacement of the IOL from the capsular bag occurred 7 days after surgery and the case of postoperative anterior chamber narrowing at 5 days. Figure 7 , A, shows a case of capsulorhexis phimosis. All postoperative iris prolapses were in eyes in which iris trauma occurred during surgery. The anterior capsule phimosis occurred 1 month after surgery; it was treated with a neodymium:YAG (Nd:YAG) laser capsulotomy (Figure 7 , B). All cases with postoperative complications subsequently had surgery by the supervising surgeon for IOL or iris repositioning with a corneal suture (Figures 8 and 9) . Table 3 shows the CDVA, astigmatism, corneal pachymetry, and endothelial cell density preoperatively as well as 7 days and 30 days postoperatively. The CDVA was statistically significantly better postoperatively than preoperatively (P ! .05). Although there was a decrease in astigmatism postoperatively, it was not statistically significant (7 days, P Z .55; 30 days, P Z .29).
Postoperative Complications

Outcome Measures
The mean increase in corneal pachymetry over the preoperative value was 24.08 G 36.05 mm at 7 days and 7.42 G 22.01 mm at 30 days. The increase was statistically significant at 7 days (P ! .05, Student t test) but not at 30 days (P Z .12, Student t test). 
DISCUSSION
In this study, we evaluated the first experience with bimanual MICS of 3 surgeons in training. The outcome measures included intraoperative surgical parameters, intraoperative and postoperative complications, and visual outcomes 7 days and 30 days after surgery.
The literature on bimanual MICS performed by experienced surgeons reports a mean total surgical time ranging from 10.62 G 2.37 minutes to 18.79 G 6.58 minutes and a mean phacoemulsification time ranging from 0.07 G 0.03 minutes to 0.19 G 0.23 minutes. 6, 7 The values in our study were higher (27.80 G 8.84 minutes and 1.15 G 0.41 minutes, respectively). We believe the higher values are the result of the lack of experience, and thus slower movements, of the surgeons in training. Also, these surgeons used low levels of ultrasound for a longer time. The EPT in our study was 3.64 G 1.07 seconds; values for experienced surgeons are reported to range from 1.29 G 1.85 seconds to 3.86 G 2.91 seconds. 6, 7 Reported rates for the mean volume of balanced salt solution used range from 114.51 G 32.23 mL to 119.54 G 50.58 mL, [6] [7] [8] which are less than half the mean volume in our study (251 G 69 mL); this may be related to the continuous infusion preferred by the surgeons in training.
Intraoperative complications occurred in 18 cases (12.0%) in our study; the most frequent complication was iris prolapse. In a study of resident-performed conventional phacoemulsification by Lee et al., 9 iris trauma occurred in 8 (3.54%) of 226 cases; Rutar et al. 10 report a similar incidence (8 [2.5%] of 320 cases). Because microincisions confer better anterior chamber stability, the bimanual MICS technique reduces the risk for iris prolapse. Thus, this technique is recommended in cases of severe intraoperative floppy-iris syndrome (IFIS). 11, 12 In our study, the rate of iris prolapse was fairly high (6.6%), which could be explained by 2 factors. The first and main factor is poor construction of the microincision, which will negatively affect subsequent surgical steps. In coaxial MICS, the main incision is between 1.8 mm and 2.2 mm and it is made with a 2-plane or 3-plane (tunnel shape) corneal architecture. In the bimanual MICS technique, the incisions are 1.4 mm and are created with a diamond knife on a single plane. Thus, the main incision must be enlarged for IOL implantation. Without a 2-plane or 3-plane architecture, it is important to attain correct inclination of the microincision. Second, iris prolapse can occur if the surgeon has difficulty handling instruments with the nondominant hand. The irrigating chopper in bimanual MICS is bigger than that used in coaxial MICS, and this requires the surgeon to have confidence using the nondominant hand. Figure 10 shows a correctly constructed microincision and an incorrectly constructed microincision. All cases of iris prolapse in our study occurred during the first 20 cases performed by each surgeon, frequently in cases of IFIS-associated cataract (almost 70% of cases). Figure 4 shows a case of IFIS in which the microincision was too short, leading to intraoperative iris prolapse. A corneal suture was placed in the microincision at the end of surgery. Three weeks after surgery, when the suture was removed, posterior wound retraction 13 with small local Descemet detachment at the microincision site was noticed on anterior segment optical coherence tomography (AS-OCT).
Anterior capsule rupture can be caused by an incomplete CCC or one that is not curvilinear. In our study, it occurred in 2 cases (1.3%), 1 of which was further complicated by posterior capsule rupture and vitreous loss. In the study of phacoemulsification performed by residents by Lee et al., 9 capsulorhexis failure occurred in 21 (9.29%) of 226 cases. In our study, the surgeons in training created the capsulorhexis with a surgeon-bent cystotome and a microforceps. A large capsule flap was made, after which the capsulorhexis was completed using radial and circumferential traction movements. Microincisions help prevent corneal tunnel deformation and corneal striae.
14 Moreover, the small instruments permit good visibility of the surgical field. Finally, if the supervising surgeon must take over the surgery, the structure of the bimanual microincision offers him or her a greater possibility of completing the capsulorhexis with the right hand or the left hand. In our case study, the capsulorhexis was completed by the supervising surgeon in 2 cases.
There are several reports of posterior capsule rupture with vitreous loss in resident-performed phacoemulsification. Bhagat et al. 15 report posterior capsule rupture in 6.7% of cases and vitreous loss in 5.4%. Rutar et al. 10 report a 4.7% incidence of major complications, the main one (3.1%) being vitreous loss. Carricondo et al. 16 found a mean incidence of posterior capsule rupture of 8.05% and vitreous loss of 6.13%. In a recent study by Woodfield et al., 17 capsule rupture occurred in between 4.8% and 7.0% of cases with the incidence of vitreous loss ranging from 3.0% to 4.8%. In a recent study by Briszi et al., 18 most surgeries and complicated cases were performed using general anesthesia; posterior capsule tear occurred in 3.8% of surgeries and vitreous loss, in 2.8%. In our study, there were 4 cases (2.7%) of capsule rupture without vitreous loss and 3 with vitreous loss (2.0%), which is in line with previously reported data. In the case of posterior capsule rupture, bimanual MICS has the advantage of maintaining a stable anterior chamber as a result of the presence of constant pressure. This technique, in which infusion is separated from the phaco tip, permits the surgeon to direct the flow toward the desired direction independent from the dominant-hand maneuvers, allowing better control of the posterior capsule (keeping the posterior capsule down and far from the phaco tip) and the lens fragments. This is especially helpful to less experienced surgeons.
Moreover, the first attempt at IOL insertion by the surgeon in training failed in 10 cases; this was due to inexperience with the injection procedure and in some cases, the incision was smaller than the 1.8 mm necessary for IOL implantation. The surgeon must insert the IOL without hesitation and with the help of a forceps. It is important that the injector remain still and resting on the corneal wound so the IOL can be injected without hesitation on the part of the surgeon.
In all 5 patients with major intraoperative complications (capsule rupture with vitreous loss, IOL in the sulcus for zonular laxity), we performed AS-OCT at 7 days and 30 days to determine whether there was intraretinal fluid in the macula. We did not find any case of cystoid macular edema within 1 month of surgery.
Postoperative iris prolapse occurred in 2 eyes in our study. In both cases, secondary surgery was performed by the experienced surgeons to reposition the prolapsed iris tissue. A case of postoperative IOL displacement was managed using surgical IOL loop repositioning in the capsular bag. One case of anterior chamber narrowing occurred 5 days after surgery; a corneal suture was positioned at the main microincision site, restoring the anterior chamber depth.
A case of capsulorhexis phimosis occurred at 1 month. Previously, we described a case of complete capsulorhexis phimosis after implantation of the IOL (Akreos MI60) used in the present case. 19 In the earlier case, the phimosis occurred after 6 months and surgery was performed to reduce it. In the present case, we used an Nd:YAG laser to open and enlarge the capsulorhexis; the final CDVA was 1.0. We found a significant improvement in CDVA, as has been reported for cases performed by experienced surgeons. [6] [7] [8] Moreover, the SIA was not significant, which agrees with findings in other studies of bimanual MICS. 4, 20 In the cases with major complications (capsule rupture, vitreous loss, implantation in the sulcus due to zonular laxity), there was an increase in mean astigmatism (0.32 G 1.06 D at 7 days and 0.25 G 1.04 D at 30 days). The reason might be because the surgeon had to enlarge the incision to 2.2 mm or 2.8 mm for IOL implantation in the sulcus. However, in these cases, there was improvement in the mean CDVA (0.34 G 0.23 at 7 days and 0.47 G 0.20 at 30 days).
As expected, the change in corneal pachymetry from preoperatively to postoperatively was not significant. In some cases, there was corneal edema in the main incision the day after surgery; the edema resolved within 1 week.
Finally, the endothelial cell loss (mean 19.7% at 30 days; range 0% to 44%) was statistically significant and similar to results in a study by O'Brien et al. 21 of conventional phacoemulsification cataract surgery performed by residents (mean loss 11.6%; range 0% to 57%). However, it is much higher than values given for bimanual MICS performed by experienced surgeons (range 6.2% to 9.27%). 7, 22, 23 However, in our study, the endothelial cell loss did not affect the final CDVA or corneal transparency.
In conclusion, the aim of our study was to evaluate the results and complication rates of bimanual MICS performed by surgeons in training. To our knowledge, ours is the first study of this topic. The high incidence of iris prolapse might be related to the wrong inclination and position of the microincisions and the use of the nondominant hand, which many surgeons find to be one of the most difficult steps in learning bimanual MICS. Capsule rupture and vitreous loss did not occur with more frequency than reported in studies of the coaxial technique and should be addressed in terms of the learning curve of cataract surgery in general rather than the specific surgical technique. In our experience, an important advantage of the bimanual MICS technique is that an experienced surgeon can take over the surgery when a complication occurs. For example, in the case of CCC failure, the experienced surgeon can take over and complete it from the temporal or nasal side. When vitreous loss occurs, the anterior chamber stability provides an element of safety when managing the complication. We summarize the main advantages and disadvantages of this technique in Figure 11 . We found the bimanual MICS technique was a safe and effective technique even when performed by surgeons in training and may be no more difficult to learn than the traditional coaxial technique.
WHAT WAS KNOWN
The bimanual MICS technique for cataract surgery enables incisions of 1.5 mm or smaller and is this less invasive than conventional traditional coaxial phacoemulsification.
The technique provides increased anterior chamber stability, the possibility of directing the instruments as required and using the right hand or left hand, and better visibility of the surgical field because of the small.
WHAT THIS PAPER ADDS
Bimanual MICS performed by surgeons in training had an acceptably low complication rate comparable to that in previous studies of conventional coaxial phacoemulsification.
Some features of the bimanual MICS technique are helpful to less experienced surgeons and allow easier management of complications by a supervising surgeon.
